This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

. BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



RfPUBLlQUE FRANCAISE JAM -7 a gyg g p » 



MINISTERS OE I INDUSTRIE c „ , ,. 

INSTITUT NATIONAL 
OE LA PROPRIETE INDUSTRIES 



BREVET D'INVENTION 

(2j) N° du proces verbal de depot 157.674 - Pans. 

@ Date de d6pot 3 juiMet 1968 3 14 h 43 mn. 

Date de ('arrets de deltvrance 23 juin 1969. 

@ Date de publication de I'abrgge descriptif au 

Bufiet/n Otticiel de la Propriety Industnelle. \ «« 30 ut 1 969 (n° 3 1 ) . 

@ Classification Internationale C 23 c 13 00 H 01 c. 



55) Proc&tt d? fabrication de resistances tiectriques en couches minces et resistance* 
obtenues. 



(72) Invention : 

(n) Deposant : Societe dite N.V. PHILIPS* GLOEILAMPENFABRIEKEN. Societe par 
restdant aux Pays-Bas. 



Maneldtaire : Jean Casanova. Ingenieur-Conseil. 
@ Prionte conventionnelle : 

(32) (33) (SY) Brevet depose aux Pays-Bas le 6 futliet 1967. n° 67 09.379 au n. 
demanderesse. 



fasacules A IIMPRIMERIE NATIONALS. 27. rue de U Convem.on PAR.S , I V 



{___ : 576658 

I L'invention concerne un precede de fabrication de reaietancea electriques 

sous forse dc couchoc mincsa constitute d'sxydo do o6tal; alio concerne egale- 
sent laa resistances elleB^aeaea qui dans la auita da cat expose" eeront denoosaea 
"resistancas an couohaa sincea" . 
; 5 On connmit daja differents precedes de fabrication da reaietanoee en 

couches sincea, la couche da aateriau reaiatant etant appliquee, aoit par eva- 
poration, aoit par pulverisation cathodique, but un aubatrat form* par un aateriau 
isolant. La developpsmnt da Xa technique dea circuita in t feres et, en particu- 
lisr, da calla dee circuita hybridea, a ere** le beaoin preaaant de diapoaer da 
10 resistances an couches sincaa da tree faiblea disenaiona at presentant une rfsis- 
tanca Sieve's par carre\ Las pro ce* dee connua na parmattent paa la fabrication de 
osa resistances. Lea conditions devant rfeir un proc^di de fabrication de ce 
genre da reaiatancea presentant par oarr* una resistance elevee ou tree elevfie, 
aont d'une part le haut dagrtS de reproducibility en ce qui concerns la valeur 
(15 da reeiatance, at d 'autre part la poBBibilit* de foumir dea reaiatancea preeen- 
tant une tree grands atabixit* lorsqu'ellee eont sousisea pendant longteaps a 
1 'influence da t espli attires elevese sous dee conditions favorieant l'oxydation* 

L •invention indique un precede repondant a cee conditions et persettant 
la fabrloation de resistances en sincaa couohaa present ant par carre" une re*eie- 
20 tanos Elevee ou tree ilsves. 

On conns It Xe proo«d6 da fabrication de resistances en sincee couches 
suivant lequel une couche da setal, par ezeaple un alliage de nickel et de chroae, 
eat appliquee par evaporation but un eubatrat forse* par un aateriau ieolant, Afin 
d'obtenlr que de teXXss resistances soient aoins sujettes & variation lorsqu'ellea 
25 sont sousisee a l'Xnfluanos de 1 'air, ellea aubiaaent "una atabilieation-. Cotte 
operation coneiate en une oxydation auperf ioielle, de aorta que la couche s6tal- 
lique propresent dite de aateriau reaiatant eat recouverte d'une couche d'oxyde 
de s4tsl # La resietanoe par carre* da ce genre de resistances dont Is corps de 
aateriau resistant eat un sines fils de me*tal, eat relativeaent faible f de eorte 
30 qu 'ellea n 'en t rent paa en ligne de oospte pour «tre appliqueea dans certains cir- 
cuits integrls, par exesple lee circuits sonolithiquss hybx^dee et les circuita 
hjbridee, affectant la fonts de coaches sincee. 

Or, 1 'invention concerns un precede persettant la fabrication de re- 
sistanoea en couches nlnces traa stablea, preeentant par can 5 une resistance 
35 eleve*e ou tres 6leve"e et oonvenant particulierenent bien pour fitre utilises dans 
lea circuits intferta pr^citSs. 

L'invention concerne un precede, suivant lequsl un substrat, forme par 
un aateriau electriqueaent isolant, est muni d'uns couche de metal que 1 'on eou- 
set ensuite a 1 'influence d'une atmosphere oxydante, et est principaleoen : carac- 
40 te*riaee en ce que 1 'on depose succeeaivement plueieure couches de mStal dont 
chacune eet oxydee separement et quasi entierement. 



; 576658 

f 0ne resistsnce en couche nince obtenue par la aise en oeuvre du 2 

I procftd* conrorme ft 1 'invention, eat constitute entiereaent d'une couche d'oxyde 
de metal presentant une conpoeitlon honogene. Ceci eet eaeentiel pour atteindre 
j par carre dee valeura de resistance eieveea ou tree eleveee et pour obtenir dea 
5 resistances preaentant une grande etabilitft ainei que la reproductibilitS con- 
v enable dea resistances. 
\ L 'application de'la couche de m$tal i r un eubatrat peut avoir lieu 

\ auivant un procede conna en aoi, par e ie.pl e par pulverisation cathodique. Cette 

application peut tree Men ee faire par evaporation dans une enceinte dans laquel- 
10 le regno uncertain vide. L'epaieeeur de la couche de metal eet toujoure choieie 
de naniere telle que le mental soit entiereaent convertl en oxyde de aetal lore de 
1 'oxydation qui peut avoir lieu par chauffage soit dane l'oxygftne, soit dans un 
gas a teneur d'oxygene, par exemple 1 'air. A cet effet, l'epaieseur de la couche 
de efital ne doit pas 8tre trop grande. La reeistance par carr« d'une couche ein- ' 
15 Pie d'oxyde de metal obtenue euivant ce precede, est telleaent eleven qu'une telle 
couohe, complement oxydee, ne trouve generalement pas d'enploi comae reeiatance 
en couche mince, (hie couche triple obtenue euivant ledit precede, presente une 
reeistance par carrf qui est tree elevee en eoi; par "couche triple", il y a 
t lieu d 'entendre une couche reeultant dee operations sucoessiveB suivanteet 
\ 20 Par evaporation une couche de n<tal, oxyder celle-cl entierement, aunlr 

f U oouch<, d, °«yde d« ■■tal ainei obtenue d'une deuiieae couche de oetal, oxyder " 
I oelle-ci coaplStoment, aunir la couche d'oxyde de mStal alora obtenue d'une 
! troialeae couche de me tal , oxyder celle-ci complement. One telle couche triple 
peut etre tree bien utiliele comme resistance en couche mix.ce, eurtout dana dea 
25 circuits integree ou 1 'on veut utiliaer dee reeietancea de trfte faiblea di.eneions 
et preeentant dee valeurs ohmiquee tree elev«ee. La resistance par carre d'une 
telle couche triple atteint environ 200 k-fl-a 20°C. L'epaieeeur maximale da la 
couche de metal susceptible d'etre oxydSe encore complement, peut etre dfttermi- 
nee par voie exp«rimentale. Cette profondeur eet tributaire de plueieure faoteura, 
30 comma le genre du metal ou de l'alliage de metaux formant la couche, la te^era- 
ture ft laquelle 1 'oxydation a lieu, la duree du proceeeu- d'oxydation et la prea- 
sion d'oxygene du gas dans lequel cette oxydation eat effectuee. nana la pratique, 
l'epaieeeur de la couche a oxyder doit 6tra adaptee au procftde mie en oeuvra, et 
choieie telle que le proceeeue d'oxydation ne require paa un teape trop important 
35 en comparison avec lea dureee dee autree etapee du proceasue. La proceeeue 

d'oxydation peut etre controls par un "moniteur", comme indique dane la deecrip- 
tion d'un exeaple de reaiiaation, fournie ci-apree. Le fait que ia reeiatance 
. Slectnque de la couche n'augmente plus pendant la continuation du proceeeue 
, d'oxydation, eignifie ;ue 1 'oxydation a et« complete. Dana le cae ou .Une une en- 
fO ceinte eoua vide, le"metal" utiliee pour appliquer une couche par evaporation eet 
f du "nichro.e", il est utile de choieir l'epaieeeur de la couche de facon que la 
, reeistance de la coucne oxydee quaei entier CU e„t, aoit comprise entre 5 00 et 1000 
1 
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C; c ~6 tiiiz ccnvo^ar.t pcur 1 *a; pi i?2 1 icr. cee ».'0»jcr»i? a "YV'ser, Trent 
par exempie li^ne de coapte le chrome, ie tanxaleet le mol^tiene. Lee al.iagee 
de nickel e: :e chrcoe convxexxnent particuixeiemen: oxen, par example le Ni.crcme, 
5 (b0% de fix, . de Cr), ie Chroael, \90f> ze Hi, de Cr) et I'lnconel, ^76* de 
II, 15* de Cr. S% de Pe}. 

L':r/iation de la coucte de mEtal appiiquEe peut avoir lieu de dxffe- 
rentes manier-rB en soi conr.uee. Lcrsque 1 'evaporation de la c cache a lieu dans 
ane enceinte sous vide, on peut >• introduire de 1 'cxygene ou de l'axr lorsque la- 

10 dlte application par Evaporation a pria fin. Bane la pratique, la quantity de 
gas contenant de 1' oxygens 'et admise aans 1 'enceinte, eet dosEe. Durant I 'oxyda- 
tion, la temperature de la couche de metal est alora pratxquement egale a celle 
du substrat pendant le processus d 'application par Evaporation. L'oxydation peut 
Egale sent avoir lieu dans une enceinte sEparEe, bien que cela ne so it generaiement 

15 paa recoanandable pour certaxnes cons idErat ions pratiques. II est egalement pos- 
sible de procEder dEja a l'oxydation pariant 1 'application par Evaporation du mEtal 
en introduiaant da I'oxygene dans 1 'enceinte ad hoc . Dans ce cas, la pression de 
1 'oxygens ne doit pae St re ElevEe, et peut atteixtdre par exsaple 10~^ a 5.10~^ 
torr«| 8*11 n'en Etait pas ainsl, le coure de 1 'Evaporation pourrait etre pertur- 

20 bE par une oxydation du aEtal provenant de la source d 'Evaporation. Avec les 
presslona d 'oxygens utiliaables, 11 ne ee produit gEnEraleaent qu'une oxydation 
partielle de la couche da aEtal pendant 1 'Evaporation. Dans le cas ou 1 'oxyda- 
tion oe produit au cours da 1 'evaporation, 11 faut effectuer 1 'oxydation pratique- 
sent complete de la couche en une opEration BEparEe. One oxydation partielle 

25 effectuEe su cours de 1 'Evaporation, a coame avantage de produire dee resistances 
en couche since dont la composition prEsente un haut degrE d'homogenEitE. Ceci 
peut §tre particuliereaent renarquE lore de la fabrication de rEei stances en 
couohes tree ainces prEaentant par carrE une valeur Electrique tree ElevEe, a 
eavoir jusqu'a 500 k-O, 

30 Le nombre da couches & appliquer 1 'une but 1 'autre dEpeud de la valeur 

dEsirle pour la rEsiatance par carre. Cette rEsistance diminue lorsque le noabre 
de couches augaente. La valeur de la rEsistance par carrE de la couche finalement 
obtenue est dEtersinEe par 1 'Epaisseur de celle-ci, et non pas par le nombre 
d'Etapes ayant donnE lieu a aa formation. Par la mise en oeuvre du pro cede con- 

35 forne a 1 'Invention, on a pu fabriquer dee resistances en couches minces prEaen- 
tant par carrE des valeurs -Electrxque9 tres differenteei cee valeure etaxent 
coaprieee entre 1 et 500 kJl* 

Lee rEsistances en couches minces, fabriquEea a 1 'aide du procEde ccn- 
forae a 1 'invention, peuvent eurtout etre utiles d'une part dane dee cirruite 

40 intEgrEs et, en particulier, dans des circuits monolithiques hybrides, c'eet-i- 
dire dee circuits dont lee elEoentB actifs sont incorporEs dans le ccrpe eemi- 
ccnducteur, c;rcuite dans lesquels au moins une resistance sous forme de oouche 





mince est applique© slur &€* couche ieolante - par exemple une couche d'oxyde - 4 
eur ie corps eeai-conAucluur, el d 'autre part dans dee circuits hybrides en forme 
de couches aincea, c 'eet-a-dire des circuits dans Xssquels sont applique*, entre 
autres, des resistances et des condsnsateurs en forme de couches mince a eur un 
5 substrst isolant ou porteur. 

La description ci-apres, en ee rEferant au dessin, le tout donnc* * 
titre d'exsaple non liaitatif, fera bien coaprendre consent 1 'invention peut etre 
r<alisee, les particularitEs qui ressortent tant du texte que de la figure unique 
du deeein faieant, bien entendu, partie de 1 'invention. 
*0 Sur cette figure, una oloche a vide (1) contient un rotor a disqus cir- 

oulaire (2) presemtant des ouverturea qui contiennent les substrata a rscouvrir 
par evaporation ainai qu'un teaoin, solidaires du disque. Ce teaoin est uns plaque 
de Terre aur laquelle sont depoaees, par Evaporation, des electrodes servant a 
mesurer, au cours de 1 'operation , la resistance de la couche de metal deposle et 
15 celle de la couche d'oxyde formee a partie de la couche de metal. Etant donne que 
les couches appjiqueee sur les substrata sont tou jours idsntiques a csllss du 
teaoin, on peut toujour* coimaitre pendant le processus la resistance electrique 
par carre des couches appllqueee sur ces substrata* 

La souroe fourcissant le metal 6vapor< est dispos^e sous le diaque (2) 
20 et constitute par un fil de nichrome (5) en aeandre, dispose dans un receptacle 
en forme de bolte ouvert d'mn cote. Au-deeeue du disqus sat place* un diapositif 
(7) dont eoane un rayonnememt infra rouge chauffant lea substrate et le teaoin a 
une temperature d 'environ 350°C. 

Lorsqu'a trarera la soupape (6) le vide a e*te pratique dana la oloche 
25 (1), un courant Electrique traverse le fil de nichrome (5). Le rotor eet an la* 
d»un aouveaent de rotation. et le processus de depOt par evaporation commence 
loreque 1 'on dEplace un obtuxateur (4) se trouvant au-deaeua du fil (5). Aprea 
quelque temps, la sesure de la resistance Electrique eur le teaoin permet de 
constater la formation d'une couche conductrioe. Loreque la resistance par carre 
30 du tEaoin a atteint une valour 200 kVL f on arrflte le dEpfit par evaporation en 
reaet'.ant 1 'obturateur (4) en face du fil de nichrome. A travera la aoupape (6), 
on introduit ensuite de l'air dans la cloche jusqu'a uns prsssion de 6.10""* torre, 
ds sorts qus debuts alors l'oxydation ds la couchs ds metal. Ls proceesus d'oxy- 
dation est auivi par la assure de la resistancs sur le teaoin. On constate que la 
35 resistance au carre de ce teaoin augments, 1 'oxydation etant pratiqueaent termi- 
nee et complete lorsque ladite resistance rests constants. 

On vids a ncuveau la cloche, uns deuxieme couche de metal eet deposEe 
psr egaporation, puia oxydee. Cette operation etant encore repetee une foie, on 
obtient ainsi aur lea subatrats et aur le teaoin, dee resistances triples en couchs 
40 aince obtenuee par trois etapea et preaentant une resistancs par carre d'environ 
200 kA, La mesure des reeistances foraees sur les differents subatrats pemet de 
constater que les resistances par carre des compoaants sont pratiqueaent lea 



aeaes. Lea dxff oJ^/*flr VddPinf erieurea & ^ U reproductibilite* du px-ocaae* 5 
a 'avert done tree convenable. Suivant ce proc6d$, 1 'eaplol du teaoin peraet de 
fabriquer ainai dea resiatancea en couche aince preaentant dea valours electriquee 
deteraineea et previeiblea. 

5 IX eat poaaible de fabriquer dea coucbea de eater iau resistant affec- 

tant dea diaeneiona pLaa grandea et de realiser, a partir de cea couches et de 
aaniere connue, dea resiatancea en couches aincea de diaeneiona voulues, par 
exesple a l'aide d'un precede* da decapage, II eat egaleaent possible de dlapoaer 
dlrecteaent lea resietanoea deaireea dana lea circuit a auxquela el lea eont 

10 deetineee. Eh agissant de la sorte, on recouvre ou on blinde lea parties ne de- 
rant paa etre auniea d'une couohe, de aorta que la couche, foraee au-desaua du 
recouvre Bent ou blindage, peut etre enlevee par la euite. 

La atabilite des reeietancea en couohea aincea eat tree convenable. On 
a constate* que la variation de valeur elect rique de cea resistances, aouaiaea 

15 pendant 1000 heurea dana de 1 'air a 175°C, etait inferieure a 2$. 
ttSPMKt 

La presente invention coaprend notaaaenti 

I. On procede de fabrication de resistances en couches aincea suivant 
lequel on subetrat, forae* par un aateriau eleotriqueaent isolant, eat auni d'une 

20 couohe de aetal que 1 'on souaet enauite a 1 'influence d'une atmosphere oxidants, 
prlnolpaleaent caracteriae en oe que 1 'on depose success ivsaent pluoieura 
couohea de altal dont chacone eat oxydee eepareasnt et quaai entiereaent. 

II. Dea foraee de realisation du prooe'de specif ie* ci-dessus pouvant presen- 
ter, en outre, lea particular i tee auivant ee, prises ieoleaent ou en combine is on* 

25 1, One oxydation partielle d'une couche ae'tallique a lieu pendant eon 

application, 

2. Cn applique aucceaaiTeaent troia couches de natal au aoine, qui eont 
oxydees quaai entiereaent et separeaent. 

3, Le aetal destine a 1 'application dea coucbea de me*tal eat un alliage 
30 de nickel et de chroae. 

4* L 'application des coucbea de aetal a lieu par un processus d 'evapo- 
ration, et 1* oiydation a lieu dana 1 'enceinte ad hoc* 

5. L'epaiaseur de la couche de m£tal 9 aoumiae a oxidation, eat telle 
qu'apree 1 'oxydation pratiquesent coaplete de la couche, on obtienne une couche 
35 preaentant une resistance par carre" coapriae entre 500 et 1000 lc/L • 



III* Une resistance en couche aince, obtenue auivant un dee points precitea, 

IT* On circuit aonolithique hybride coaportant au mcina une resistance 

auivant le point III. 

V. Un circuit by bride en forae de aincee couches, coaportant au aoins 



40 une resistance auivant le point III. 
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AB Metal oxide films having high resistances (1-500 kil ohms /square) are fabri 
cated by depositing (e.g. by evapn. in a vacuum) a series of metal films 
(e.g., Nichrome) . Each film in the series is oxidized almost completely 
before deposition of the following one. Both the deposition and the oxidn. 
of each layer are monitored by measuring the resistance of similar layers 
deposited onto a nearby glass substrate which has electrodes and leads 
already attached. For Nichrome films, the substrate temp, is 350°. and 
deposition of a give n layer is halted when the resistance of the control 
film has decreased to 200 kilohms/square . The air pressure in the bell jar 
is then increased to 6 x 10-4 torr and oxidn. proceeds until the resistance 
of the control stops increasing. The pressure is then reduced, and 
subsequent layers are added. An alternative method, yielding films of 
greater uniformity and higher resistivity, involves evapg. the nichrome 
(1-5) x 10-5 torr. Oxidn. can then occur to some extent while evapn. 
proceeds, but is completed only by interrupting evapn. periodically to 
allow oxidn. at higher pressures. 
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mieeiblel 2535 
vL/LO 

The invention concerns a method of manufacture of electrical resistors in the form of 
thin layers consisting of metal oxide; it also concerns the resistors themselves, which will be 
called "thin-layer resistors" in this text below. 

There are already various methods known for the manufacture of thin-layer resistors, 
the resistor material layer being applied either by evaporation or by cathodic sputtering onto a 
substance made of an insulating material. The development of integrated circuit technology 
and, in particular, of hybrid circuits, created the present need of having thin-layer resistors of 
very low dimensions available and having a high resistance per square. The known methods 
do not permit the manufacture of these resistors. The conditions that must govern a method of 
manufacture of these type of resistors having a high or very high resistance per unit square are, 
on the one hand, the high degree of reproducibility with regard to the resistance value, and, on 
the other hand, the possibility of providing resistors which have a very high stability when they 
are subjected to the influence of high temperatures for a long time under conditions that 
promote oxidation. 

The invention indicates a method that satisfies these conditions and permits the 
manufacture of thin-layer resistors having a high or very high resistance per square. 

The method of production of thin-layer resistors is known, according to which a metal 
layer, for example, a nickel-chromium alloy layer is applied by evaporation onto a substrate 
formed from an insulating material. In order to ensure that such resistors are less subject to 
variations when they are exposed to air, they undergo "a stabilization". This operation 
consists in a surface oxidation so that the actual metallic layer of the resistant material is 
covered with a metal oxide layer. The resistance per square of this type of resistor, in which 
the body of the resistant material is a thin metal film, is relatively low, so that they are not 
considered to be applicable in certain integrated circuits, for example, hybrid monolithic 
circuits and hybrid circuits, which are in the thin-layer form. 
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Now, the invention is concerned with a method that permits the production of very 
stable thin-layer resistors, which have a high or very high resistance per square and are 
particularly suited to being used in the integrated circuits cited above. 

The invention concerns a method according to which a substrate, formed by an 
electrically insulating material, is equipped with a layer of metal which is then subjected to the 
influence of an oxidizing atmosphere and is mainly characterized by the fact that several metal 
layers are deposited in succession, each of which is oxidized separately and almost entirely. 

A thin-layer resistor obtained by carrying out the method according to the invention 
consists entirely of a metal oxide layer which has a homogeneous composition. This is 
essential for achieving high or very high resistance values per square and to obtain resistors, 
which have high stability as well as the reproducibility appropriate for resistors. 

The deposition of the thin metal layer on a substrate can take place according to a 
known method, for example, by cathodic sputtering. This deposition can be carried out very 
well by evaporation in a container in which a certain vacuum exists. The thickness of the 
metal layer is always chosen so that the metal is entirely converted to the metal oxide during 
the oxidation, which can take place either by heating in oxygen, or in an oxygen-containing 
gas, for example, air. For this purpose, the thickness of the metal layer must not be too high. 
The resistance per square of a simple metal oxide layer obtained according to this method is so 
high that a layer, which is completely oxidized, is generally not used as a thin-layer resistor. 
A triple layer obtained according to the said procedure has a resistance per square, which is 
very high in itself. The term "triple layer" means a layer resulting from the following 
successive operations: application of a metal layer by evaporation, oxidizing this completely, 
applying a second metal layer onto the metal oxide layer as obtained, oxidizing this second 
layer completely, applying a third metal layer onto the metal oxide layer that is obtained, and 
oxidizing the latter completely. Such a triple layer can be very well used as thin-layer resistor, 
especially in integrated circuits where one wishes to use resistors of very low dimensions 
having very high ohmic values. The resistance per square of such a triple layer reaches 
approximately 200 kQ at 20°C. The maximum thickness of the metal layer that can still be 
oxidized completely can be determined experimentally. This depth is tributary to various 
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factors, such as the type of metal or the metal alloy forming the layer, the temperature at which 
oxidation takes place, the duration of the oxidation process and the oxygen pressure of the gas 
in which this oxidation is performed. In practice, the thickness of the layer to be oxidized 
should be adapted to the procedure used and chosen so that the oxidation process does not 
require too long a time in comparison with the duration of the other steps of the process. The 
oxidation process can be controlled with a "monitor" as indicated in the description of a 
practical example given below. When the electrical resistance of the layer no longer increases 
during the continuation of the oxidation process, this indicates that the oxidation is complete. 
In the case where, in a container under vacuum, the "metal" used for applying a layer by 
evaporation is "nichrome", it is useful to choose the thickness of the layer so that the resistance 
of the layer, which is oxidized almost entirely, is between 500 and 1000 kQ per square. 

The metals suitable for application as sources to be oxidized are in order chromium, 
tantalum, molybdenum [translation uncertain because of illegibility - Translator.] The alloys 
of nickel and chromium are particularly well suited, for example, nichrome, (80% Ni, [20?] % 
Cr), chromel (90% Ni, 10% Cr) and inconel (76% Ni, 15% Cr and 9% Fe). 

The oxidation of the metal layer applied may take place in different ways in the known 
manner. When the evaporation of the layer is carried out in a container under vacuum, oxygen 
can be introduced into it or oxygen or air can be introduced into it when the said application by 
evaporation is completed. In practice, the quantity of oxygen-containing gas is allowed to 
enter into the container and is determined. During the oxidation, the temperature of the metal 
layer is then practically equal to that of the substrate during the process of deposition by 
evaporation. The oxidation can also take place in a separate container, although this is not 
generally recommended because of certain practical considerations. It is also possible to 
proceed with the oxidation during the application of the metal by evaporation by introducing 
oxygen into the container ad hoc . In this case, the pressure of oxygen must not be high and 
may reach, for example, 10" 5 to 510" 5 torr; if this was not so, the course of evaporation may be 
perturbed by oxidation of the metal coming from the evaporation source. With the useable 
oxidation pressures, generally only partial oxidation of the metal layer occurs during the 
evaporation. In the case where the oxidation takes place during evaporation, oxidation of the 
layer must be made complete in a separate operation. Partial oxidation, carried out during 
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evaporation, has the advantage of producing thin-layer resistors, the composition of which has 
a high degree of homogeneity. This can be noted particularly during the manufacture of 
resistors with very thin layers which have a very high electrical value per square, namely up to 
500 ka 

The number of layers to be applied on top of one another depends on the desired value 
for the resistance per square. This resistance decreases when the number of layers increases. 
The value of resistance per square of the layer finally obtained is determined by the thickness 
of it and not by the number of steps that gave rise to its formation. By carrying out the process 
according to the invention, one can manufacture thin-layer resistors, which have very different 
electrical values per square: these values were between 1 and 500 ko. 

The thin-layer resistors, manufactured with the aid of the method according to the 
invention, can be especially useful on the one hand in integrated circuits, and, in particular, in 
hybrid monolithic circuits, that is, in circuits the active elements of which are incorporated into 
the semiconductor body, circuits in which at least one resistor is in the form of a thin layer 
applied on an insulating layer - for example, an oxide layer, on the body of the semiconductor 
and, on the other hand, in hybrid circuits in the form of thin layers, that is, circuits in which, 
among others, resistors and capacitors in the form of thin layers are applied on an insulating 
substrate or carrier. 

The description given below, referring to the drawing, all given as a nonlimiting 
example, will provide understanding as to how the invention can be realized, the special 
characteristics of which follow from the text as well as from the single figure naturally 
representing part of the invention. 

In this figure, a bell jar (1) containing a rotor with a circular disk (2) having openings 
which contain the substrate to be covered by evaporation, as well as a control, attached to the 
disk. This control is a glass plate on which electrodes are deposited by evaporation, which are 
used to measure, during the operation, the resistance of the deposited metal layer and that of 
the oxide layer formed from the metal layer. Given that the layers applied on the substrates 
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are always identical to those of the control, during the process, the electrical resistance per 
square of the layers applied on these substrates can be determined. 

The source providing the evaporated metal is placed on the disk (2) and consists of a 
meandering nichrome filament (5) arranged in a receptacle in the form of a box which is open 
on one side. A device (7) is placed on top of the disk, which emits infrared radiation that heats 
the substrate and the control to a temperature of approximately 350 °C. 

When vacuum is applied in the bell jar (1) through the valve (6), an electrical current is 
made to pass through the nichrome filament (5). The rotor is activated into a rotary movement 
and the process of deposition by evaporation begins when a shutter (4) that is on top of the 
filament (5) is displaced. After a period of time, measurement of the electrical resistance on 
the control permits demonstration of the formation of a conducting layer. When the resistance 
per square of the control has reached a value of 200 kQ, the deposition by evaporation is 
stopped by replacing the shutter (4) across the nichrome filament. Then air is introduced into 
the bell jar through the valve (6) up to a pressure of 610 -4 torr, so that the oxidation of the 
metal layer begins. The oxidation process is followed by measurement of the resistance on the 
control. It is found that the resistance per square of this control increases, and the oxidation is 
completed practically and completely when the said resistance remains constant. 

The bell jar is evacuated again, a second layer of metal is deposited by evaporation and 
then oxidized. This operation is repeated once more, and thus triple thin layer resistors are 
obtained on the substrates and on the control, obtained by the three steps and having a 
resistance per square of approximately 200 kQ. The measurement of the resistors formed on 
the different substrates permits one to observe that the resistances per square of the compo- 
nents are practically the same. The differences are less than ±5%. The reproducibility of the 
procedure proves to be suitable. According to this process, the use of a control permits the 
manufacture of thin-layer resistors, which have determined and predictable electrical values. 

It is possible to manufacture layers of resistant material of larger dimensions and to 
produce, from these layers in the known manner, thin-layer resistors of desired dimensions, 
for example, with the aid of a cutting process. It is also possible to arrange the desired 
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resistors directly in the circuits to which they are intended. For this purpose, the parts that 
should not be equipped with a layer are covered or blinded, so that the layer formed above of 
the covering or blinding can be removed subsequently. 

The stability of the thin-layer resistors is very suitable. It is found that the variation of 
the electrical value of these resistors, when exposed to air at 175 °C for 1000 hours, was less 
than 2%. 

SUMMARY rPATENT CLAHMS1 ; 

The present invention comprises the following: 

I - A process for the manufacture of thin-layer resistors according to which a substrate, 
formed from an electrically insulating material, is equipped with a metal layer which is then 
exposed to the influence of an oxidizing atmosphere, mainly characterized by the fact that 
several metal layers are deposited in succession, each of which is oxidized separately and 
almost entirely. 

II - Moreover, embodiments of the method specified above can present the following 
characteristics taken separately and in combination: 

1 . Partial oxidation of a metal layer, taking place during its deposition. 

2. At least three metal layers are deposited in succession, which are oxidized almost 
entirely and separately. 

3. The metal intended for deposition of the metal layers is a nickel and chromium 

alloy. 

4. The deposition of the metal layers takes place by an evaporation process and the 
oxidation takes place in an ad hoc container. 
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5. The thickness of the metal layer to be oxidized is such that, after practically 
complete oxidation of the layer, a layer is obtained which has a per square resistance between 
500 and 1000 kQ. 



HI - A thin-layer resistor, obtained according to the points cited above. 

IV - A hybrid monolithic circuit having at least one resistor according to point HI. 

V - A hybrid circuit in the form of thin layers, having at least one resistor according to 



Metal oxide films having high resistances (1-500 kilohms/square) are fabri 
cated by depositing (e.g. by evapn. in a vacuum) a series of metal films 
{e.g., Ni chrome) ... Each film in the series is oxidized almost completely 
before deposition of the following one.. Both the deposition and the oxidn. 
of each layer are monitored by measuring the resistance of similar layers 
deposited onto a nearby glass substrate which has electrodes and leads 
already attached. Por Ni chroma films, the substrate temp, is 350°. and 
deposition of a give'h layer is halted When the resistance of the control 
film has decreased to 200 kilohms /square. The air pressure in the bell jar 
is then increased to; 6 x 10-4 torr and oxidn. proceeds until the resistance 
of the control stops -increasing." The pressure is then reduced, and 
subsequent layers are added. An alternative method/ yielding films of 
greater ' uniformity and higher resistivity, involves evapg. the ni chrome 
(1-5) x 10-5 torr. Oxidn. can then occur to some extent while evapn. 
proceeds, but is completed only by interrupting evapn. periodically to 
allow oxidnv at higher pressures. 



point IE. 




8 



